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—KeyintegrationtIssuesy

% Costs (capital, energy, O&M)
“* Variability Impacts (ancillary services costs)

“+ Energy (fuel displacement) and Capacity
(serving demand growth) Contributions

s+ Environmental Considerations



* |Increased

« R&D Advances

Wind Energy Cost Trend

1979: 40 cents/kWh

2000:
4 - 6 cents/kWh
(no subsidy)

NSP 107 MW Lake Benton wind farm

Turbine Size 4 cents/kWh (unsubsidized)

« Manufacturing 2004:
Improvements 3 - 5 cents/kWh
- Operating (no subsidy)

Experience



NattralfGas Situation

“Today’s tight natural gas markets have
been a long time in coming, and distant
futures prices suggest that we are not apt
to return to earlier periods of relative
abundance and low prices anytime soon.”

— Alan Greenspan, Federal Reserve Chairman,
Testimony at Senate hearing, July 10, 2003

Wellhead gasicosts = 2002=20035 $3 = $5/IVIVIBHIU
Current prices andiprojections exceed $6/MIVIBIIU



CostiComparnsen

“ Wind total capital cost: $1,300 - $1,400 kW today
s \Vindrenengyicost: abeut oKV Grawithe U RPAIE)
% Includes 0.5 to 1.0¢/kWh for O&M

s \Wind enengy costsiaresianble over plantliietime

Natural-gas plant fuel cost (HR 7,000 - 10,000)
$/MMBTU: 2 4 5 6 8 gas cost

¢/KWh: 14-2 28-4 35-5 42-6 56-8 fuelonly

S \VINGEG2SISYRErgY: savergastwhnen winailews; oui
gasitermaintainisysiemelianpiii euingNlewW Winas



= Wind|Variability:
EWERESYSIEMN ORERRLGHNINPACLS

« Regulation -- seconds to a few
minutes -- similar to variations in
customer demand
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» Load-following -- tens of minutes
to a few hours -- demand follows
predictable patterns, wind less so

» Scheduling and commitment of
generating units -- hours to several Unit
days -- wind forecasting capability? B

SupplyEdEmandioalance maintainedinstantaneousy:
Wigiel ganrirolleel 9y prelitife, flot gowe=olzllt oggareiic)fs))



Wina Varability Caninecrease
POWERSYSIEMIOPEratingCosts

Committing unneeded generation

Allocating extra load-following capability
Allocating additional regulating capacity
Increased cycling operation

These are reflected in ancillary services costs

Iplerennieiniizll ot clofelsiel o) Winlel's Velfizlolfny7
Uil Wiglel larige)reitlog) Eratjo 2008 ezise Sitfe)ys
DS ar e wisiel Sriarepy (S 0% of el



| SYStem @peratineNCostsHimpPacts:
S Restulisimom iRecent Studies (S/IVIViia)

Penetra- Regula- Load- Unit- Tojizl]

Study tion (S5)F  tion Follow Commit Impact
UWIG/Xcel 3.9 0 0.41 1.44 1069
Pacificorp 20 0 1.6 3.0 4.6
BPA/Hirst 7 0.19 0.28 1.40 | &7
We Energies 29 1.02 0.15 1.75 2.9%
Xcel/MNDOC 15 0.23 0 4.37 4.60
Xcel/PSCO 15 0.20 0 4.77* 2.7

* includes $1.45 for new gas storage



Range of System Operating Cost Impacts
Studies Conducted To Date

N

1/2 ¢/kWh

Integration Cost ($/MWh)

0 5 10 15 20 25 30
Wind Penetration (% of System Capacity)

All results to date fall within the crosshatched area




- GEERErgy/NYISO/NYSEIRDA
INEwYerkWindrEValuation

s Comprehensive study of wind’'s impacts on transmission
system planning, reliability and operations

» 3,300 MW of wind in system serving 34,000 MW of
customer load (.07 Wind peEReanern)
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*» Energy prices based on functioning commercial

wholesale markets -- day-ahead and hour-ahead
= All previous studies based on operating costs only
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S ASSUIMES WIO S aiPIHCEIaReEr:

= Market (demand-supply balance) sets price; wind
generators are paid the market price
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i GE Eneigy/INVISO/INYSERIDA
INEwYerkWindrEValuation

OVeralllConciusion: INYASiale PoWersySteli cal
relianlyiaceonimoodie aieasid Oyomwina NS sOONIY)

= Minor adjustments to planning, operation and reliability
practices

Total NY system (less wind) variable operating costs (fuel,
plant startup costs, etc.) reduced by $350 M

State-of-the-art Wind ferecasting contributed $125 Vifof this
reduction (about 80% of perfect-forecast value)

Elecinciy cosisedlced statewide

System transient stability improved
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i GE Eneigy/INVISO/INYSERIDA
INEwYerkWindrEValuation

[Loaad payment $305 M or about 0.18¢/kWh
rEQUCHONS (SAVIgSio
ENETGY.CONISUIIESS)*

ERErgy aISplacerierit: 65% natural gas, 15% coal,
10% oil, 10% imports

EmiISSIONS Ea UGBS NOXx -- 6,400 tons (10%);
SOx -- 12,000 tons (5%)
Windyevenue: $315 M (about 3.5¢/kWh)



WindrsiContributions: s
oM EIECHICHEOWET

e 0

Enerqgy: displacement of fossil fuels

¢ In most cases, this is the primary motivation.
Previously existing power plants run less, but
continue to be available to ensure system reliability.

% Contrary to common lore, addition of a wind plant
requires NO new conventional backup generation
to maintain system reliability.

** In many cases, natural gas is saved, reducing total
system operating costs. In all cases, overall
emissions are reduced.



WindrsiContributions: s
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Capacity: meeting new load growth
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Because of its variability, wind is less effective in this
respect than conventional generation. Winds may be
low during peak electricity demand periods.

Nonetheless, addition of a wind plant will allow some
new load to be served. The amount depends on many
factors. Examples:

New York about 10%
Long Island about 40%
Minnesota about 25%

With experience and over time, operating strategies and
generation mix will evolve so that combinations of wind
and other plants like hydro and natural gas will serve
new load reliably.



| EnRvirenmental
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“* No emissions of any kind during operation

No SOx, NOx, particulates or mercury
No contributions to regional haze

Hedge against environmental regulations
No greenhouse gases

N ONOXICWESIES BIEAIHNITIPACTHS

= Nuclear waste transport and storage unresolved
» Respiratory diseases of growing concern

N GNVEIER CorSUITIPHOE GrRUSE dUIIIg CREEIGN
= Water availability a looming crisis in the Western US
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“Elenal Cliale CcliangerConCEiS CanNioN GlgEr:
weNgrered By anRyAeqiiiiaie Polucal ey

= Most environmental scientists view this as by far the
most serious environmental issue facing society

= Unavoidable evidence mounting
= Very few doubters remain
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PaulFAnGeErson, CE@ o DUKe ERErgy
(Seveasterm Uity Coeal/INUCIear)

Lobbying for tax on carbon dioxide emissions

“Personally, | feel the time has come to act -
to take steps as a nation to reduce the carbon
intensity of our economy. And it’s going to

take all of us to do it.”
— Paul Anderson, quoted in AP press release, published April 7, 2005



EnRvirenmental
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We need to evaluate environmental
Impacts on a relative basis.

No energy-generation approach is
without impacts.

The choice Is wind vs. something --
not wind vs. nothing.
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Wind is competitive with conventional energy today in many
cases

Wind costs likely to drop if market stability improves -- stop-
start syndrome has raised costs

Windintegration costs: abeut OFSE/KVileiIESS

Natural-gas price-risk hedge value of wind: Lawrence
Berkeley Lab estimate: about 0.5¢/kWh

Carbon-emissions penalty would improve wind’s
competitiveness

Technology advancement benefits will continue

Wirlel's Iniige)rzition cosits clfe [1iKaly to) ge fleife
TEeHSE N AGHIERECIOSNERONIEIEPPIIECE



@ UW’G Accelerating the Integration of Wind

Utility Wind Generation into Utility Power Systems

Integration Group

IEEE ik 0 R i

owersenersgy

*» IEEE Power Engineering
Society Magazine,
November/December
2005

» Utility Wind Integration
Group (UWIG): Operating
Impacts and Integration
Studies User Group

“* WWW.Uwig.org
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